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(57) ABSTRACT 

Methods of inducing apoptosis in hyperproliferative cells, 
particularly cancer cells are provided. Such method involves 
increasing the levels of a potassium channel modulatory pro 
tein in the cell. Examples of such proteins are native KChAP 
protein, a biologically active variant of native KChAP pro 
tein, or a biologically active KChAP-related protein (collec 
tively referred to hereinafter as “KChAP protein”). In one 
embodiment, the cells are contacted with the KChAP protein 
under conditions permitting uptake of the protein by the cells. 
In another embodiment, the cells are contacted with (i) a 
nucleic acid encoding the KChAP protein, and (ii) a promoter 
active in the cancer cell, wherein the promoter is operably 
linked to the region encoding the KChAP protein, under 
conditions permitting the uptake of the nucleic acid by the 
cancer cell. Methods of detecting cancerous cells in a biologi 
cal sample selected from the group consisting of a colorectal 
tissue sample or brain tissue sample are also provided. Such 
method comprises assaying for the presence of elevated levels 
of KChAP mRNA or KChAP protein in the sample. 

11 Claims, 14 Drawing Sheets 





US. Patent May 29, 2012 Sheet 2 0f 14 US 8,187,586 B2 

KChAP - 

STS 211 iii-E1??- ' (ll-‘M1 

B 
LNCaP Jurkat 

Hours §+ STSl Hours (+ STS) 
U 1 2 4 6 

I‘: 8., ' 





US. Patent May 29, 2012 Sheet 4 0f 14 US 8,187,586 B2 

NAHUM gm 

ll 

mioménmmonm ?mma 38 am.“ 



US. Patent May 29, 2012 Sheet 5 0f 14 US 8,187,586 B2 

m .5 

awe 

:3 



US. Patent May 29, 2012 Sheet 6 0f 14 US 8,187,586 B2 

Fig. 6 

GFP, 72 hrs GFP, 24 hrs 
no on 

um 

cw 
asso 
a 

KChAP, 24 hrs 
on 

—- 11 1 ~14.‘ 

29.50 
0 

800 600 400 

3 

00 
8530 

an 

0 

DNA COIIKBI‘II DNA Content 

" GFP, 72 hrs 
KOhAP. 72 hm 

8 

100 

n W a a a 

“mag: :mu .52 “0 mm 

109 



US. Patent May 29, 2012 Sheet 7 0f 14 US 8,187,586 B2 

Fig. 7 

088 antibody 7 KChAP 

ac 



US. Patent May 29, 2012 Sheet 8 0f 14 US 8,187,586 B2 

Fig. 8 

16 

u I -‘_ in I q u - u - - - I‘. 1n Ju‘u‘c 

0 u o 

O o o m o 

a 6 4 2 8.5: 6.5:? 8.5; 

An ti-KChAP 













U S Patent May 29, 2012 Sheet 14 0f 14 US 8,187,586 B2 

$5M IV gum lY 

21w E $ 3 E? H z E 2E5 

n96 #96 
@5250 :200 was 2055B 53m SE52 E qo?wm?mxu 530M : mm 



US 8,187,586 B2 
1 

METHODS OF INDUCING APOPTOSIS IN 
HYPERPROLIFERATIVE CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of the commonly 
assigned, US. patent application Ser. No. 10/000,778, ?led 
on Oct. 31, 2001 noW abandoned. 

This invention Was made, at least in part, With government 
support under National Institutes of Health Grant No. 
HL36930, HL55404, HL61642, HL60759, DK54178. The 
US. government has certain rights in the invention. 

FIELD OF THE INVENTION 

This invention relates to methods of inducing apoptosis in 
hyperproliferative cells. More particularly, this invention 
relates to methods of inducing apoptosis in cancer cells by 
increasing levels of a potassium channel modulatory protein 
in such cells. 

BACKGROUND 

One-third of all individuals in the United States Will 
develop cancer (American Cancer SocietyYearly Outlook for 
1990). Cancer is second only to cardiac disease as a cause of 
death in this country (American Cancer Society Yearly Out 
look for 1990). Currently, cancer therapy employs a variety of 
procedures including the administration of chemicals, che 
motherapy, radiation, radiotherapy, and surgery. 

Radiotherapy is a regional form of treatment used for the 
control of localiZed cancers (See Devita, V. T., in Harrison’s 
Principles of Internal Medicine, BraunWald et al., eds., 
McGraW-Hill Inc., NeW York, 1987, pp. 431-446). Radio 
therapy relies on the fact that some malignant cells are more 
susceptible to damage by radiation than normal cells. Unfor 
tunately, some tumors cannot be treated With radiotherapy. 
Moreover, irradiation and radioisotope therapy can induce 
extensive damage of normal tissues. 

Surgery is still considered the primary treatment for most 
early cancers. Although most tumors are operable, they not 
fully resectable. Some tumors that appear resectable have 
micrometastatic disease outside the tumor ?eld. This leads to 
a recurrence of the cancer close to the initial site of occur 
rence. 

Cancer chemotherapeutic agents, even though Widespread 
in use, have proved to be of limited effect in treating most 
cancer types. Although there have been some notable suc 
cesses in the treatment of some speci?c tumor types (e.g., 
childhood leukemias) With conventional chemotherapy, more 
limited success has been obtained in the treatment of solid 
tumors. This failure is primarily due to the loW therapeutic 
index of many anti-cancer drugs, as Well as the intrinsic or 
acquired drug resistance that often characterizes tumor cells. 
Another drawback to the use of cytotoxic agents for the 
treatment of cancer is their severe side effects. These include 
nausea, vomiting, CNS depression, localiZed pain, bone mar 
roW depression, bleeding, renal damage, hypo and hypergly 
cemia, and hypersensitivity reactions. Another draWback is 
that most anti-cancer drugs are only effective against rapidly 
dividing cells. 

Cancer can be considered as a disturbed balance betWeen 
the relative rates of cell proliferation and cell death. Until 
recently, it Was thought that the ultimate result of treatment 
With anti-cancer drugs Was cellular necrosis, a form of cell 
death that involves a sWelling of the cells and membrane 
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2 
rupture. Recently, it has been determined that many anti 
cancer drugs induce cell death by apoptosis. Apoptotic cell 
death is an orderly process Which is typically accompanied by 
one or more characteristic morphological and biochemical 
changes in cells, such as condensation of cytoplasm, loss of 
plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial 
function. A recogniZed biochemical marker of apoptosis is 
the cleavage of chromatin into nucleosomal fragments. 

Certain tumor suppressor proteins, such as p53, have been 
reported to have a role in inducing apoptosis. Apoptosis is 
also triggered by the activation of a family of cysteine pro 
teases having speci?city for aspartic acid residues. These 
proteases are designated as caspases (Alnemri, et al., Cell, 
87: 171, (1 996)). One identi?ed substrate for caspase-3 is poly 
(ADP-ribose) polymerase (PARP). 
About 50% of human tumors have been shoWn to have 

deletions or mutations in the p53 gene and gene product. As a 
result of this mutation, the cells of these tumors may not be 
able to undergo apoptosis. This fact may explain the relatively 
loW intrinsic sensitivity of tumors With p53 mutations to 
conventional chemotherapy. 
The need still exists for improved methods for the treat 

ment of most types of cancers. Additional therapeutic meth 
ods for inhibiting or reversing the groWth of mammalian 
tumors, particularly human tumors, are desirable. Methods 
Which induce apoptosis of tumor cells or cancer cells, par 
ticularly those methods Which induce apoptosis of cancer 
cells in a p53 independent manner, are especially desirable. 

SUMMARY OF THE INVENTION 

In one aspect, the present invention provides methods of 
inducing apoptosis in hyperproliferative cells, particularly 
cancer cells. Such method involves increasing the levels of a 
potassium channel modulatory protein in the cell. Examples 
of such proteins arfe native KChAP protein, a biologically 
active variant of native KChAP protein, or a biologically 
active KChAP-related protein (collectively referred to here 
inafter as “KChAP protein”). In one embodiment, the cells 
are contacted With the KChAP protein under conditions per 
mitting uptake of the protein by the cells. In another embodi 
ment, the cells are contacted With (i) a nucleic acid encoding 
the KChAP protein, and (ii) a promoter active in the cancer 
cell, Wherein the promoter is operably linked to the region 
encoding the KChAP protein, under conditions permitting 
the uptake of the nucleic acid by the cancer cell. In accordance 
With the present method, the cancer cells may contain a Wild 
type or mutant p53 protein. The cancer cells may be in a tissue 
or cell culture or in a subject. In vivo, the present method can 
be used to treat a patient With a hyperproliferative disorder, 
particularly a patient With an epithelial carcinoma, a lym 
phoma, or leukemia. 

In another aspect, the present invention provides a method 
of inhibiting cell cycling cancer cells that contain a Wild-type 
or native p53 protein. Such method comprises increasing the 
levels of KChAP protein in such cells. 

In another aspect, the present invention provides a method 
of detecting cancerous cells in a biological sample selected 
from the group consisting of a colorectal tissue sample or 
brain tissue sample. In one embodiment, the method com 
prises contacting the sample or a protein extract therefrom 
With an antibody to the KChAP protein under conditions 
Wherein antibody binding to one or more epitopes of native 
KCHAP protein occurs; and assaying for the presence or 
absence of a complex betWeen the antibody and a protein in 
the sample, Wherein an increase in the level of the antigen 
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antibody complex, as compared to the levels found in a 
sample of control cells from the same type of tissue, indicates 
that the sample comprises cancerous cells. In another 
embodiment, the method comprises assaying for the presence 
of KChAP transcript in the sample, Wherein a increase in the 
level of the KChAP transcript in the sample, as compared to 
the level of the transcript in a control sample, denotes that the 
test sample comprises cancerous cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the effect of KChAP overexpression on K” 
loss from prostate cancer cells. 

(A) Overexpression of KChAP in LNCaP cells for 24 hours 
results in increased basal Rb” e?lux compared to control cells 
overexpressing GFP. Number of 35-mm Wells of cells exam 
ined is indicated above bars. * indicates signi?cant difference 
compared to the control (p<0.005). (B) Flow cytometry of 
LNCaP cells 72 hours after Ad/KChAP infection. In un?xed 
cells, intracellular K” Was measured With the K” binding dye, 
PBFI and plotted versus propodium iodide (PI) ?uorescence 
(to distinguish betWeen live and dead cells). Cells in R1 (high 
PI ?uorescence) are classi?ed as dead cells. Most uninfected 
control cells fall into R3 (loW PI, normal K”), While Ad/KC 
hAP infected cells shoW a major shift of the population to R2 
(loW PI, decreased K”). (C) Comparison of intracellular K” to 
cell siZe in control and Ad/KChAP infected cells. Dead cells 
in R1 Were removed from analysis and those in R2 and R3 
Were replotted to evaluate K” as a function of cell siZe. Cell 
siZe Was estimated by forWard scatter. Decreased intracellular 
K+ in%verexpressing cells correlated With cell shrinkage. A 
grid Was placed over each panel to emphasiZe the decreased 
intracellular K” seen iniinfected cells compared to unin 
fected cells of the same siZe. 

FIG. 2(A) shoWs the effect of KChAP overexpression on 
apoptosis in prostate cancer cells. Apoptosis in LNCaP cells 
infected With either Ad/GFP or Ad/KChAP (m.o.i. of 100; 
greater than 95% cells infected) Was monitored by examining 
PARP cleavage on Western blots. KChAP, both endogenous 
and overexpressed, Was detected With the antibody (899). 

FIG. 2(B) shoWs the effect of staurosporine treatment on 
KChAP and PARP expression in prostate cancer cells. 
KChAP (68 kD) immunoreactivity increases in LNCaP and 
Jurkat T-cells treated With staurosporine (STS, 1 uM). West 
ern blot analysis of and PARP expression in lysates of LNCaP 
and Jurkat cells shoWs increased reactivity of the 68 kD band 
With the antibody after treatment With STS. Increased immu 
noreactivity is maintained until signi?cant PARP cleavage is 
detected after Which the signal drops to beloW control levels. 

FIG. 3 shoWs the effect of KChAP overexpression on DNA 
degradation and PARP cleavage in prostate cancer cells. 

(A) Comet assay to detect DNA degradation in LNCaP 
cells three days post-infection With Ad/LacZ or Ad/KChAP 
(moi:100). Cells Were counted from four separate infections. 
An example of a ?eld of cells examined for each type of 
infection is shoWn in the upper panels. Quantitation of each 
infection is presented beloW. An average of 0.8% of Ad/LacZ 
infected cells Were Comet positive compared to an average of 
24.4% of Ad/KChAP infected cells (p<0.001). (B) Western 
blot of overexpressed KChAP (detected With 088 antibody) 
and PARP cleavage in LNCaP lysates prepared from cells as 
described in (A). Each lane represents lysate from a separate 
batch of infected cells. 

FIG. 4 shoWs the effect of KChAP overexpression on p53 
levels and p53-serine 15 phosphorylation in prostate cancer 
cells. 
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4 
(A) Western blot analysis of LNCaP cell lysates prepared 
three days after infection With Ad/KChAP or Ad/LacZ 
viruses (moi of 100). Results are shoWn from triplicate infec 
tions. The 088 antibody reacts only With overexpressed, not 
endogenous, KChAP. Note that KCHAP overexpression is 
correlated With an increase in total p53 levels (detected With 
the D01 antibody) as Well as phosphorylation of p53 serine 
15. STAT3 and STAT1 levels are not changed. Actin is 
included as a loading control. (B) LNCaP cells Were infected 
With Ad/GFP (g) or Ad/KChAP (k) (m.o.i.:100) in the pres 
ence of standard medium (RPMI/ 10% PBS) or media in 
Which extracellular K” Was altered (5, 25 or 50 mM) (see 
methods for details of media preparation). Lysates Were pre 
pared 72 hours post-infection and examined by Western blot 
ting for PARP, overexpressed KChAP (088 antibody), p53 
phosphoserine15, total p53 (DO1 antibody), and STAT3. 
STAT3 serves as the loading control. 

FIG. 5 shoWs the effect of KChAP overexpression on 
G0/G1 arrest in prostate cancer cells. 

(A) Western blot analysis of LNCaP lysates infected either 
With Ad/GFP (G) or Ad/KChAP (K) at an moi of 100 (g100 
and k100, respectively). Cells Were harvested either 24, 48 or 
72 hours post-infection. Overexpressed KChAP Was detected 
by the 088 antibody, total p53 by the DO-l monoclonal. Note 
that the levels of p21, a transcriptional target of p53 and an 
inducer of G0/G1 arrest are up in KChAP infected cells as 
early as 24 hours post-infection. G0/ G1 arrest is con?rmed by 
the pattern of Rb (retinoblastoma protein) staining as the 
hypophosphorylated form predominates at this stage. (B) 
Western blot analysis of cyclins con?rms the G0/G1 arrest 
mediated by in LNCaP cells. LNCaP cells infected With 
Ad/GFP or Ad/KChAP at tWo different moi 100:1 (g100 and 
k100) and 200:1 (g200 and k200) Were examined 72 hours 
post-infection. Rb expression con?rmed G0/G1 arrest as seen 
in panel A. Consistent With this observation, the levels of tWo 
mitotic cyclins A and B Were signi?cantly decreased While 
the level of cyclin D3, a protein predominating in G1, Was 
increased. 

FIG. 6 is a How cytometry analysis of the effects of KChAP 
overexpression on prostate cancer cells. 

(A) LNCaP cells infected With Ad/GFP or Ad/KChAP 
(both at m.o.i.:100) Were ?xed in cold 70% ethanol 24 hours 
(left panel) or 72 hours (right panel) after infection and 
stained With propidium iodide. Ten thousand cells from each 
sample Were analyZed using FACScan as detailed in Methods. 
X-axis is propidium iodide intensity, representing DNA con 
tent, and the Y-axis is the number of events, representing cell 
numbers. (B) Histogram of cell cycle distribution. G0/G1, S, 
and G2-M phases are indicated. The sub-G0/ G1 (DAB) popu 
lation represents apoptotic cells. The data shoWn are repre 
sentative of three independent experiments. 

FIG. 7 shoWs the effect of KChAP overexpression on apo 
ptosis in p53 mutant prostate cancer cells. Western blots of 
lysates prepared 72 hours post-infection from Du145 cells 
infected With either Ad/GFP or Ad/KChAP at tWo different 
m.o.i., 200 and 400. (g200, g400 and k200, k400, respec 
tively). Overexpressed KChAP Was detected With the 088 
antibody. The PARP antibody detected both the 1 16 kD intact 
protein as Well as the 85 kD cleavage product. Steady-state 
p53 levels Were detected With the D01 monoclonal antibody, 
and the phosphorylation state of p53-serine 15 Was assessed 
With a speci?c polyclonal antibody. Actin Was included as a 
loading control. 

FIG. 8 shoWs the effect of Ad/KChAP on groWth of Du145 
tumor xeno graphs in nude mice. 

(A) Comparison of average Du145 tumor siZes among 
three treatment groups: PBS, Ad/GFP, Ad/KChAP. Du145 
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cells injected into the ?anks of nude mice Were allowed to 
reach a volume of ~50 mm3 after Which the tumors Were 

injected every 48-72 hours With either PBS, Ad/GFP, or 
Ad/KChAP for a total of 9 injections over a 19-day period. By 
day 7, the tumor volume of Ad/KChAP injected tumors Was 
signi?cantly less than either PBS or Ad/GFP injected tumors 
(*p<0.01). There Was no signi?cant difference in tumor siZe 
betWeen the PBS and Ad/GFP control groups. (B) immuno 
histochemistry and TUNEL assay in tumor sections from 
animals sacri?ced tWo days after the last injection (i.e. day 21 
after start of treatment). KChAP overexpression Was detected 
in treated tumor sections With the 088 antibody and colori 
metric detection (right panels) and corresponding apoptosis 
Was detected With the TUNEL assay (left panels). 

FIG. 9 shoWs the nucleotide sequence (SEQ ID NO. 1) of 
a cDNA molecule Which encodes human KChAP protein and 
the derived amino sequence (SEQ ID NO. 2) of human 
KCHAP protein. 

FIG. 10 is a sequence comparison of the PIAS family of 
proteins (SEQ IS NOS 5-10, respectively, in order of appear 
ance). 

FIG. 11 is a Western blot analysis of KChAP protein levels 
in cells from a liver cancer cell line (HumI), colorectal cancer 
tissue (T) and nearby normal tissue (N), and brain tumor 
tissue (T) 61, 64, 71 and 85) and nearby normal tissue (46, 54, 
and 86). 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

Herein, “apoptosis” is used in a broad sense and refers to 
the orderly or controlled form of cell death that is typically 
accompanied by one or more characteristic cell changes, 
including condensation of cytoplasm, loss of plasma mem 
brane microvilli, segmentation of the nucleus, degradation of 
chromosomal DNA or loss of mitochondrial function. This 
activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all 
of Which are knoWn in the art. In particular, apoptosis can be 
measured using the assays described beloW and in the 
Examples. 

“Antibody” as used herein refers to a protein molecule that 
binds to, cross reacts With, or is immunoreactive With a spe 
ci?c antigen or immunogen. The binding reaction betWeen an 
antibody and its antigen is speci?c in that the antibody binds 
only to an amino acid sequence present Within the speci?c 
protein (i.e., an epitope). An anti-KChAP antibody means an 
antibody molecule that binds to one or more epitopes of 
native KChAP protein. 

“Biological sample” means a sample of mammalian cells. 
These cells may be part of a tissue or organ sample obtained, 
for example, by biopsy, or they may be individual cells, for 
example, cells groWn in tissue culture. 

“Cancer cell” or “cancerous cell” means a cell in or from a 

carcinoma, lymphoma, sarcoma or leukemia. 
“Prostate cancer” means any of various carcinomas of 

prostate tissue. 
“cDNA” means a DNA prepared using messenger RNA 

(mRNA) as template. The advantage of using a cDNA, as 
opposed to genomic DNA or DNA polymerized from a 
genomic, non- or partially-processed RNA template, is that 
the cDNA primarily contains coding sequences of the corre 
sponding protein. 

“Expression” means the production of a protein or a gene 
transcript (i.e. mRNA) in a cell. 
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6 
“Hyperproliferative cell” as used herein refers to a cell that 

exhibits abnormal proliferation. Cancer cells are examples of 
hyperproliferative cells. 

“Label” means to incorporate into a compound a substance 
that is readily detected. Such substances include radioactive 
substances and ?uorescent dyes, for example. 

“Native” means the nucleic acid of a non-mutated gene or 

peptide sequence encoded by such a gene as found in a phe 
notypically normal cell. 

“Neoplasia” means the process resulting in the formation 
and groWth of an abnormal tissue that groWs by cellular 
proliferation more rapidly than normal, and continues to groW 
after the stimuli that initiated the neW groWth ceases. 

“Normal cell” means a non-cancerous cell. 

“Overexpressing” as used herein means increasing the lev 
els of an intracellular protein to levels above normal. 

“Proliferation” means groWth and reproduction, i.e., divi 
sion of cells 
“Tumor” refers to a spontaneous, neW groWth of tissue in 

the body that forms an abnormal mass. Tumors are comprised 
of cells and such cells are knoWn as tumor cells. Tumors and 
cells derived from tumors can be either benign or malignant. 
Cells that are malignant have a variety of properties that 
benign cells and non-tumor cells do not have. Malignant cells 
invade, groW and destroy adjacent tissue, metastasiZe, and 
usually groW more rapidly than benign tumor cells. “Neo 
plasm” is essentially synonymous With tumor. 
The terms “treating,” “treatment,” and “therapy” as used 

herein refer to curative therapy, prophylactic therapy, and 
preventative therapy. 
The present invention provides a method of inducing apo 

ptosis in a hyperproliferative cell, particularly a cancer cell. 
The method comprises overexpressing a potassium channel 
modulatory protein, preferably human KChAP protein or a 
biologically active equivalent thereof, in the hyperprolifera 
tive cell. Such method canbe used in vitro or in vivo. Thus, the 
present method can be serve to treat a patient With a hyper 
proliferative cell disorder. Hyperproliferative cell disorders 
include cancers; blood vessel proliferative disorders such as 
restenosis, atherosclerosis, in-stent stenosis, vascular graft 
restenosis, etc.; ?brotic disorders; psoriasis; in?ammatory 
disorders, eg arthritis, etc.; glomerular nephritis; 
endometriosis; macular degenerative disorders; benign 
groWth disorders such as prostate enlargement and lipomas; 
and autoimmune disorders. Cancers are of particular interest, 
including leukemias, lymphomas (Hodgkins and non 
Hodgkins), sarcomas, melanomas, adenomas, carcinomas of 
solid tissue, hypoxic tumors, squamous cell carcinomas of the 
mouth, throat, larynx, and lung, genitourinary cancers such as 
cervical and bladder cancer, hematopoietic cancers, head and 
neck cancers, and nervous system cancers, and benign lesions 
such as papillomas. The present method is especially useful 
for treating a patient With an epithelial carcinoma, such as 
breast cancer or prostate cancer, or a lymphoma, or a leuke 
mia. 
The present method is based in part on the discovery that 

prostate cancer cells comprising Wild-type p53 protein and 
infected With a a non-replicating, recombinant adenovirus 
containing KChAP cDNA (Ad/KChAP) undergo apoptosis, 
as assessed by the COMET assay and PARP cleavage, Within 
a period of three days after infection. Ad/KChAP infection 
increased p53 levels in these prostate cells and increased 
phosphorylation on p53 residue serine 15, consistent With 
activation of p53 as a transcription factor. The G1 -cell cycle 
arrest protein p21, Was upregulated and infected cells Were 
initially arrested in G1 as assessed by How cytometry and 
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Western blotting with antibodies to the cell cycle speci?c 
proteins, cyclin A, B, and D3, and the retinoblastoma protein 
Rb. 

It has also been determined that p53 is not essential for 
KChAP-induced apoptosis, as a prostate cancer cell line with 
mutant p53 also underwent apoptosis when KChAP was 
overexpressed in such cells. Accordingly, the present method 
may be used to induce apoptosis in cells which comprise a 
mutant p53 gene. 

In accordance with the present invention, it has also been 
determined that overexpression of KChAP suppresses growth 
of prostate tumor xenografts in nude mice. In accordance, 
with the present invention, it has also been shown that increas 
ing levels of KChAP protein in MCF-7 cells induces apopto 
sis in these breast cancer cells. It has also been shown that 
staurosporine a commonly used inducer of apoptosis causes 
apoptosis in Jurkat cells, which serve as a model for leukemia, 
and greatly increases their KChAP content. It has also been 
determined that hyperproliferative cells such as pro state can 
cer cells and breast cancer cells are about ten times more 
sensitive to overexpression of KChAP than non-cancerous 
cells such as cardiomyocytes. 

The patent and scienti?c literature referred to herein estab 
lishes the knowledge that is available to those with skill in the 
art. The issued US. patents, allowed applications, and other 
publications cited herein are hereby incorporated by refer 
ence. 

KChAP Protein 
KChAP protein is a potassium channel modulatory protein 

that interacts with multiple binding partners ncluding Kvs 
1.3, 1.4, 1.5, 2.1, 2.2, 4.2 and 4.3; Kv[3 1.2 and Kv[3 2.1; p53; 
STAT3; SUMO-1; UBC9; HSF-l (heat shock factor 1) and 
BRCA1 and 2. The mature form of KChAP has a calculated 
molecular weight of about 62.4 kDa. In one embodiment the 
human KChAP protein has the amino acid sequence shown in 
FIG. 9 (SEQ ID NO:2). In one embodiment the nucleic acid 
which encodes the human KChAP protein has the nucleotide 
sequence shown in FIG. 9, SEQ ID NO. 1. The term KChAP 
protein encompasses all naturally occurring proteins that 
comprise a native sequence. Such native sequence KCHAP 
proteins can be isolated from nature or can be produced by 
recombinant or synthetic means. 
KChAP Related Proteins 
KChAP is a member of a protein family referred to as the 

PIAS family. PIAS is the acronym for Protein Inhibitor of 
Activated STAT. Other members of the PIAS family include 
PIAS 1, PIASxot, PIASx[3 and PIASy, and PIAS3 [3. PIAS3[3 is 
a related-protein whose amino acid sequence is identical to 
SEQ ID NO. 1, except that it lacks a 39 amino acid insert that 
is present at the N-terminus of. PIAS3[3 has been shown to 
interact with activated STAT3 and potassium channels. FIG. 
10 shows the amino acid homology between certain members 
of this family. With respect to cellular distribution the PIAS 
proteins are strongly localiZed to the nucleus where they 
appear to act as inhibitors of transcription via interactions 
with STATs and co-repressors or co-activators of transcrip 
tion in particular with respect to nuclear receptors such as 
androgen, estrogen and glucocorticoid receptors. PIAS pro 
teins are also present in the cytoplasm where they exert their 
effects on K” channels and septins. The present apoptosis 
inducing method employs PIAS family members that are 
biologically active. “Biologically active” for the purposes 
herein means having the ability to induce apoptosis in at least 
one type of mammalian cell in vivo or ex vivo. In particular, 
the biologically active KChAP related protein increases K” 
e?lux, causes cell shrinkage, and activates caspase 3 to pro 
duce PARP cleavage. 
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8 
Variants of KChAP 
The present method also employs biologically active vari 

ants of the KChAP protein depicted in FIG. 9. The biologi 
cally active KChAP variant increases K” ef?ux, causes cell 
shrinkage, and activates caspase 3 to produce PARP cleavage. 
In addition, the biologically active KChAP variant has at least 
about 80% amino acid sequence identity with the protein 
having the deduced amino acid sequence shown in FIG. 9 
(SEQ ID NO:2). Such variants include, for instance, proteins 
wherein one or more amino acid residues are added or deleted 

at the N- or C-terminus of the sequence of FIG. 9 (SEQ ID 
N012) or one or more amino acidresidues within SEQ ID NO. 
2 are substituted. Ordinarily, a KChAP variant will have at 
least about 80% amino acid sequence identity, more prefer 
ably at least about 90% amino acid sequence identity, and 
even more preferably at least about 95% amino acid sequence 
identity with the amino acid sequence of FIG. 9 (SEQ ID 
NO:2). Percent (%) amino acid sequence identity with respect 
to the sequence herein is de?ned as the percentage of amino 
acid residues in a candidate sequence that are identical with 
the amino acid residues in SEQ ID NO. 2, after aligning the 
sequences and introducing gaps, if necessary, to achieve the 
maximum percent sequence identity, and not considering any 
conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid 
sequence identity can be achieved in various ways that are 
within the skill in the art, for instance, using publicly avail 
able computer software such as ALIGNTM or Megalign 
(DNASTAR) software. Those skilled in the art can determine 
appropriate parameters for measuring alignment, including 
any algorithms needed to achieve maximal alignment over the 
full length of the sequences being compared. Because of its 
high amino acid identity with PIAS3[3 can be classi?ed as 
both a related protein and a variant. 

Preferably, the deletions and additions are located at the 
amino terminus, the carboxy terminus, or both, of SEQ ID 
NO. 2. Amino acid substitutions are generally based on the 
relative similarity of the amino acid side-chain substituents, 
for example, their hydrophobicity, hydrophilicity, charge, 
siZe, and the like. 

It is known in the art that certain amino acids may be 
substituted by other amino acids having a similar hydropathic 
index score and a similar hydrophilicity value and still result 
in a protein with similar biological activity, i.e., still obtain a 
biological functionally equivalent protein. It is also under 
stood in the art that the substitution of like amino acids can be 
made effectively on the basis of hydrophilicity. US. Pat. No. 
4,554,101, incorporated herein by reference, states that the 
greatest local average hydrophilicity of a protein, as governed 
by the hydrophilicity of its adjacent amino acids, correlates 
with a biological property of the protein. 
Assays for Apoptosis 

Examples of assays for apoptosis are as follows: 
Comet (Single-Cell Gel Electrophoresis) Assay to Detect 
Damaged DNA 
The Comet assay, or single-cell gel electrophoresis assay, 

is used for rapid detection and quantitation of DNA damage 
from single cells. The Comet assay is based on the alkaline 
lysis of labile DNA at sites of damage. Cells are immobiliZed 
in a thin agarose matrix on slides and gently lysed. When 
subjected to electrophoresis, the unwound, relaxed DNA 
migrates out of the cells. After staining with a nucleic acid 
stain, cells that have accumulated DNA damage appear as 
bright ?uorescent comets, with tails of DNA fragmentation or 
unwinding. In contrast, cells with normal, undamaged DNA 
appear as round dots, because their intact DNA does not 
migrate out of the cell. 
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TUNEL Assay 
When DNA strands are cleaved or nicked by nucleases, a 

large number of 3'-hydroxyl ends are exposed. In the TUNEL 
assay (terminal deoxynucleotidyl transferase dUTP nick end 
labeling), these ends are labeled With UTP using mammalian 
terminal deoxynucleotidyl transferase (TdT), Which 
covalently adds labeled nucleotides to the 3'-hydroxyl ends of 
these DNA fragments in a template-independent fashion. The 
UTP is then detected using speci?c probes (e.g., you can 
incorporate BrdUTP and then use a ?uorescent anti-BrdU 
antibody). The assay can be used on cells in situ or the cells 
can be analyZed by ?oW cytometry. 
Apoptosis Assays Using Annexin V Conjugates 

The human anticoagulant annexinV is a 35-36 kilodalton, 
Ca2+-dependent phospholipid-binding protein that has a high 
a?inity for phosphatidylserine (PS). In normal viable cells, 
PS is located on the cytoplasmic surface of the cell mem 
brane. However, in apoptotic cells, PS is translocated from the 
inner to the outer lea?et of the plasma membrane, Where it is 
associated With lipid “rafts”iregions of the plasma mem 
brane that are insoluble in detergents, high in cholesterol and 
sphingolipids, that sequester glycosylphosphatidylinositol 
(GPI)-linked proteins and tyrosine-phosphorylated proteins 
and that seem to be involved in signal transduction. Annexin 
V that is conjugated to various detectable molecules (i.e., 
?uorescent molcules) are reacted With cells thought to be 
undergoing apoptosis. If PS is located on the outer surface of 
the plasma membrane, the annexinV conjugate Will bind and 
be detectable. 
Apoptosis Assays Based on Protease Activity 
Members of the caspase (CED-3/ ICE) family of proteases 

are crucial mediators of the complex biochemical events 
associated With apoptosis. In particular, caspase-3 (CPP32/ 
apopain), Which has a substrate speci?city for the amino acid 
sequence Asp-Glu-Val-Asp (DEVD) (SEQ ID NO: 4), 
cleaves a number of different proteins, including poly(ADP 
ribose) polymerase (PARP), DNA-dependent protein kinase, 
protein kinase, and actin. Procaspase-3 is released from the 
mitochondria into the cytoplasm during apoptosis and acti 
vated to caspase-3 by an as-yet-unknoWn enZyme. Assays for 
caspase comprise addition of substrates for the enZyme that, 
for example, increase their ?uorescence upon cleavage by 
caspase 3. 
Methods of Inducing Apoptosis of Cancer Cells In Vitro 

The KChAP polynucleotides and proteins may also be 
used to induce apoptosis in cancer cells that comprise a native 
p53 gene or, alternatively, that comprise a mutated or mutant 
p53 gene. Such cells are derived, for example, from an epi 
thelial carcinoma, such as a mammary carcinoma, or a pros 
tate carcinoma, a lymphoma, or a leukemia. The method 
involves increasing the levels of KChAP protein in the can 
cerous cells. 

Inducing Apoptosis With KChAP Polynucleotides and Oligo 
nucleotides 

In one embodiment, polynucleotides comprising (i) a cod 
ing sequence for KChAP protein, a biologically active variant 
of KChAP protein, or a biologically active KChAP-related 
protein, and (ii) a promoter Which permits expression of the 
protein encoded by the coding sequence are introduced into 
such cells to permit expression or overexpression of the 
respective protein. Polynucleotides comprising sequences 
encoding a KChAP protein or a biologically active variant 
thereof may be synthesized in Whole or in part using chemical 
methods. Polynucleotides Which encode a KChAP protein, 
particularly alleles of the genes Which encode a native 
KChAP protein, may be obtained by screening a genomic 
library or cDNA library With a probe comprising sequences 
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10 
identical or complementary to the sequences shoWn in FIG. 9 
or With antibodies immunospeci?c for a protein to identify 
clones containing such polynucleotide. Variants of the 
KChAP polynucleotide may be made by site-directed 
mutagenesis and other methods knoWn in the art. 

Viral or plasmid vectors may be used to deliver the KChAP 
polynucleotide to the cell. “Vector” as used herein refers to a 
structure composed of covalently linked nucleotides Which is 
able to enter a cell. Alternatively the KChAP polynucleotide 
may be incorporated into a liposome Which, preferably, fur 
ther comprises a molecule Which targets the liposome to the 
cancer cell. 

Viral Vector 
Examples of knoWn viral vectors are recombinant viruses 

Which are generally based on several virus classes including 
poxviruses, herpesviruses, adenoviruses, parvoviruses and 
retroviruses. Such recombinant viruses generally comprise 
an exogenous gene under control of a promoter Which is able 
to cause expression of the exogenous gene in vector-infected 
host cells. Recombinant viruses Which can be used to trans 
fect cells are mentioned and cited for example in a revieW by 
Mackett, Smith and Moss (1994) J Virol 49(3): 857-864. 

Preferably, the virus vector is a defective adenovirus Which 
has the exogenous gene inserted into its genome. The term 
“defective adenovirus” refers to an adenovirus incapable of 
autonomously replicating in the target cell. Generally, the 
genome of the defective adenovirus lacks the sequences nec 
essary for the replication of the virus in the infected cell. Such 
sequences are partially or, preferably, completely, removed 
from the genome. To be able to infect target cells, the defec 
tive virus must contain su?icient sequences from the original 
genome to permit encapsulation of the viral particles during 
in vitro preparation of the construct. 

Preferably, the adenovirus is of a serotype Which is not 
pathogenic for man. Such serotypes include type 2 and 5 
adenoviruses (Ad 2 or Ad 5). In the case of the Ad 5 adenovi 
ruses, the sequences necessary for the replication are the EIA 
and B1B regions. Methods for preparing adenovirus vectors 
are described in US. Pat. No. 5,932,210, Which issued in 
August, 1999 to Gregory et al., US. Pat. No. 5,985,846 Which 
issued in November, 1999 to Kochanek et al, and US. Pat. 
No. 6,033,908 Which issued in March, 2000, to Bout et al. 
More preferably, the virus vector is an immunologically 

inert adenovirus. As used herein the term “immunologically 
inert” means the viral vector does not encode viral proteins 
that activate cellular and humoral host immune responses. 
Methods for preparing immunologically inert adenoviruses 
are described in Parks et al., Proc Natl Acad Sci USA 1996; 
93(24) 13565-70; Leiber, A. et al., J. Wrol. 1996; 70(12) 
8944-60; Hardy s., et al, .1. Wrol. 1997, 71(3): 1842-9; and 
Morsy et al, Proc. Natl. Acad. Sci. USA 1998. 95: 7866-7 1, all 
of Which are speci?cally incorporated herein by reference. 
Such methods involve Cre-loxP recombination. In vitro, Cre 
loxP recombination is particularly adaptable to preparation of 
recombinant adenovirus and offers a method for removing 
unWanted viral nucleotide sequences. Replication de?cient 
recombinant adenovirus lacks the E1 coding sequences nec 
essary for viral replication. This function is provided by 293 
cells, a human embryonic kidney cell line transformed by 
adenovirus type. First generation adenoviruses are generated 
by co-transfecting 293 cells With a helper virus and a shuttle 
plasmid containing the foreign gene of interest. This results in 
the packaging of virus that replicates both the foreign gene 
and numerous viral proteins. More recently, 293 cells 
expressing Cre recombinase, and helper virus containing 
essential viral sequences and With a packaging signal ?anked 
by loxP sites, have been developed (See Parks et al.) In this 










































